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(57) ABSTRACT

A method of signal transmission based on differentially quan-
tized channel information 1n a multi-antenna wireless com-
munication system which can transmit signal to multiple
mobile stations simultaneously through multiple transmit
antennas includes a main codebook reporting step of each
mobile station for quantizing channel correlation information
(CCI) using a main-codebook and reporting an index of the
main codebook, which corresponds to the quantized CCI, to a
base station. A sub-codebook reporting step of each mobile
station for quantizing the change of the CCI between the
quantization interval using a sub-codebook and reporting an
index of the sub-codebook, which corresponds to the quan-
tized CCI change, to a base station. A multi-user eigen-beam
transmission step of the base station for generating multiple
cigen-beams using the index of the main-codebook or sub-
codebook reported from mobile stations and transmitting
them to multiple users simultaneously.

13 Claims, 7 Drawing Sheets
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METHOD FOR DIFFERENTIALLY
QUANTIZING CHANNEL INFORMATION IN
MULTI-ANTENNA WIRELESS SYSTEMS AND
SYSTEM ADOPTING THE SAME

TECHNICAL FIELD

The present invention relates, 1n general, to a method of
quantizing channel state information (CSI) in a multi-antenna
wireless system and a wireless system using the method and,
more particularly, to amethod that differentially quantizes the
CSI so as to reduce the amount of information required to
quantize the CSI 1n a multi-antenna system.

BACKGROUND ART

Multi-antenna technology has attracted attention as one of
transmission schemes that can innovatively improve the
channel capacity of a wireless communication system. IT a
base station 1s aware of instantaneous CSI of a mobile station,
Singular Value Decomposition (SVD)-based techniques or
single beamforming-based techniques can be used 1n a single
user environment, and Dirty Paper Coding (DPC)-based tech-
niques or multi-beamforming-based techniques can be used
in a multi-user environment, which can provide improved
system capacity.

Generally, 1n order to employ such a multi-antenna tech-
nology, amobile station estimates the CSI using a pilot signal
received together with data signal, transmitted from the base
station, quantizes the CSI 1nto a fixed bit size format, and
reports the quantized CSI to the base station through an uplink
channel.

In order to reduce the total amount of CSI information to be
reported, a number of techniques for quantizing instanta-
neous CSI have been proposed. However, previous CSI quan-
tization techniques still suffer from large signaling burden
associated with frequent transmission of instantaneous CSI at
cach frame.

In order to alleviate such a problem, single- or multi-eigen-
beamforming techniques have been proposed, which can
improve the system capacity by generating transmit beams
using channel correlation information which may represent
the average (or statistical) CSI of a mobile station. Since the
channel correlation 1s very slowly time-varying, such tech-
niques are advantageous 1n that the mobile stations can report

their channel correlation information to the base station at
relatively long period, thus significantly reducing the CSI
signaling burden.

However, previous studies show that the use of channel
correlation information quantized into a small bit size may
significantly limit the performance of multi-antenna tech-
nique. It 1s preferable to employ a quantization technique that
can reduce the total amount of quantized channel information
compared to existing schemes without degrading the system
capacity, or can improve the performance by using the same
amount of quantized channel information.

DISCLOSURE

Technical Problem

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and a
principal object of the present invention i1s to provide a
method of quantizing the CSI and an apparatus using the
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2

method, which can reduce the signaling burden for the report-
ing of CSI 1in a wireless communication system that employs
multi-antenna technology.

In particular, the present invention 1s intended to provide a
method of quantizing CSI and an apparatus using the method,
which can reduce the quantization bit size compared to the
conventional technology without degrading the system
capacity or, alternatively, can improve the transmit perfor-
mance by using the same quantization bit size.

Technical Solution

In order to accomplish the above object, the present inven-
tion provides a method of differentially quantizing the CSI in
a multi-antenna wireless system which transmits signal to
multiple mobile stations using multiple transmit antennas,
including a main codebook feedback step of quantizing an
entire range of channel correlation information of each
mobile station to generate a main codebook, feeding back an
index of a representative value of the main codebook to a base
station, forming multiple eigen-beams using the index of the
representative value of the main codebook, and transmitting a
data signal, and a sub-codebook feedback step of differen-
tially quantizing only a partial range of the channel correla-
tion information based on variations in the channel correla-
tion mnformation to generate a sub-codebook, feeding back an
index of a representative value of the sub-codebook to the
base station, forming multiple eigen-beams using the index of
the representative value of the sub-codebook, and transmit-
ting a data signal.

Preferably, the method may further include the step of
storing channel correlation information, an entire range of
which 1s quantized, or channel correlation information, a
partial range of which 1s quantized, and the sub-codebook
teedback step may be configured to compare channel corre-
lation information quantized during a previous period with
currently quantized channel correlation information, thus cal-
culating the variations in the channel correlation information.

In this case, the sub-codebook feedback step may be con-

figured such that the sub-codebook 1s generated in consider-
ation ol a maximum channel variation, the maximum channel

variation being calculated by the following Equation 10:

Apf,mmc:pf,max(r)_pf(r_&r) [Eq_llﬂtiﬂll 10]

where Ap; .. denotes amaximum range in which the channel
correlation 1mformation can be varied, p(t—-At) denotes a
channel correlation coetlicient 1n previous information feed-
back time, and p, ,,..(t) 1s calculated by the following Equa-
tion 9:

o [Equation 9]
Pimal) = Jo(2rd [A) + QZ Jo:(2md [ A)cos(2i(AoDy, (1 —

i=1

A1) + A pop, ))sinc(2iAS) + J QZ Toi 1 (2d [ M)sin((2i +
1=0

D)(AoDy (t — AD + Apop, )sine((2i + 1)AS)

where A, d, D, and AS respectively denote a wavelength of a
signal, an interval between antennas of the base station, a
distance to the base station, and angle spread, AoD, denotes a
departure angle of a mobule station |, A, ,=v,At/D denotes a
variation in the departure angle of the mobile station depend-
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ing on velocity of the mobile station, and J_(x) denotes a z-th
order Bessel function of a first kind.

Further, the sub-codebook may be generated 1n a fixed bit
type 1n which a size of the sub-codebook 1s maintained at a
uniform level and precision of quantization 1s adjusted
depending on a maximum variation in the channel correlation
information, or 1n an adaptive bit type 1n which precision of
quantization 1s maintained at a uniform level and a size of the
sub-codebook 1s adjusted depending on variations in the
channel correlation information.

Preferably, after the main codebook feedback step, the
sub-codebook feedback step may be repeatedly performed.

Furthermore, the main codebook tfeedback step may be
performed either at regular preset periods or when a trans-
mission error 1s detected 1n an uplink.

Further, the present mvention provides a multi-antenna
wireless system using a method of differentially quantizing,
CSI, the multi-antenna wireless system having channel cor-
relation, including a mobile station including a channel cor-
relation information estimator for estimating channel corre-
lation information;

a channel correlation information quantizer for quantizing,
an entire range of the channel correlation information and
obtaining a main codebook and an index of a representative
value of the main codebook; a channel correlation informa-
tion variation calculator for calculating variations in the chan-
nel correlation information; and a channel correlation infor-
mation variation quantizer for quantizing a partial range of
the channel correlation information and obtaining a sub-
codebook and an 1ndex of a representative value of the sub-
codebook, wherein the mobile station feeds back the index of
the representative value of the main codebook or the index of
the representative value of the sub-codebook to a base station.

Further, the multi-antenna wireless system may further
include a base station including a channel correlation infor-
mation calculator for calculating the channel correlation
information based on the index of the representative value fed
back from the mobile station; and a multiple eigen-beam-
former for forming multiple eigen-beams.

Preferably, the mobile station and the base station may
respectively include channel correlation information storage
units for storing quantized channel correlation information.

More preferably, the base station may further include an
uplink signal quality measuring unit for measuring signal
quality of an uplink reception signal; and a feedback channel
Cyclic Redundancy Check (CRC) checker for checking a
CRC bit of an uplink channel and then determining whether a
transmission error has occurred, and the mobile station may
turther include a main codebook feedback period decider for
deciding on a feedback period of the main codebook based on
the signal quality measured by the uplink signal quality mea-
suring umt of the base station or based on occurrence or

non-occurrence of an error determined by the feedback chan-
nel CRC checker.

‘ects

Advantageous E

In accordance with the present invention, there can be
provided a method of quantizing the CSI, which can reduce
the amount of information to be reported to the base station
through an uplink by reducing the quantization bit size with-
out degrading the system capacity, or can improve system
performance by using the same quantization bit size, 1n a
wireless communication system that employs multi-antenna
technology.

In particular, the CSI 1s differentially quantized 1n consid-
eration of only a partial range 1n which CSI can vary, upon
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4

quantizing the channel correlation information on the basis of
the characteristics of the channel correlation information that
1s relatively slowly varying, thus reducing the burden of the
amount of signal information to be fed back to an uplink.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration diagram showing a beamforming-
based multi-antenna system;

FIG. 2 1s a conceptual diagram showing a conventional
technique for quantizing channel correlation information;

FIG. 3 1s a conceptual diagram showing a techmque for
quantizing channel correlation information according to the
present invention;

FIG. 4 1s a configuration diagram showing an embodiment
of a wireless system using a method of quantizing channel
correlation information according to the present invention;

FIG. 5 1s a configuration diagram showing an embodiment
of a wireless system using a method of reducing the transter
of transmission errors 1n differentially quantized correlation
information according to the present invention;

FIG. 6 1s a diagram showing the operating process of the
wireless system using the method of differentially quantizing
channel correlation information according to the present
imnvention;

FIG. 7 1s a graph showing the results of a performance test
on the wireless system using the method of quantizing chan-
nel correlation information according to the present mmven-
tion; and

FIG. 8 1s a graph showing the phase variation 1n the channel
correlation coellicient depending on the user velocity and
teedback period when the method of quantizing the CSI
according to the present invention 1s applied.

BEST MOD.

(Ll

The present invention relates to a method and apparatus
that reduce the amount of quantized CSI using a differential
quantization technique in a multi-antenna wireless system,
and the present invention will be described with reference to
embodiments of the present invention.

In a multi-antenna wireless system according to the present
invention, a method of differentially quantizing CSI and a
wireless system using the method are configured to differen-
tially quantize and feed back CSI in consideration of only a
partial range 1n which channel correlation information can be
varied, on the basis of the characteristics of the channel cor-
relation information that 1s relatively slowly varying, so that
the burden of the feedback of the channel correlation 1nfor-
mation 1s greatly decreased, thus improving system capacity.

FIG. 4 1s a configuration diagram showing an embodiment
of a method of quantizing channel correlation information
and a wireless system using the method according to the
present invention.

In the present mnvention, when channel correlation infor-
mation 1s quantized, first quantization and feedback are per-
formed to use a main codebook generated by quantizing the
entire range in which channel correlation information can be
represented, and to feed back the index of a representative
value of the main codebook, and quantization and feedback
from a subsequent period are performed to feed back the
index of a representative value of variations in the channel
correlation information.

For this function, during a first period, each of single or
multiple mobile stations 200a to 200/ extracts a pilot signal
from reception signals transmitted from a base station 100,
and each channel correlation information estimator 223
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obtain 1ts own channel correlation information. Further, a
channel correlation change quantizer 250 quantizes the entire
range ol channel correlation information and feeds back the
quantized channel correlation information to the base station.

The multiple eigen-beamformer 120 of the base station
forms multiple eigen-beams of channel correlation informa-
tion for the mobile stations using the feedback information,
and transmits mobile station signals through a signal genera-
tor 110. Each mobile station and the base station store the
quantized channel correlation information in channel corre-
lation information storage units 150 and 233, respectively.

Then, from a subsequent period, a channel correlation
information variation calculator 231 calculates variations 1n
channel correlation information, and a channel correlation
information variation quantizer 243 feeds back the index of a
representative value of the variations 1n the channel correla-
tion information using a sub-codebook.

Thereafter, the channel correlation information calculator
140 of the base station updates current channel correlation
information using the feedback variation information of the
channel correlation information and the channel correlation
information stored during a previous feedback period.

MODE FOR INVENTION

Hereinalfter, in order to describe the present invention,
operational advantages of the present mnvention and objects
achieved by the implementation of the present imvention,
preferred embodiments of the present invention will be 1llus-
trated, and the present invention will be described with refer-
ence to the embodiments.

First, the terms used 1n the present application are merely
used to describe specific embodiments and are not intended to
limit the present invention. A singular expression includes a
plural expression unless a description to the contrary 1s spe-
cifically pointed out 1n context. In the present specification, 1t
should be understood that the terms such as “include” or
“have” are merely intended to indicate that features, numbers,
steps, operations, components, parts, or combinations thereof
are present, and are not intended to exclude a possibility that
one or more other features, numbers, steps, operations, com-
ponents, parts, or combinations thereol will be present or
added.

In the following description of the present invention,
redundant descriptions and detailed descriptions of known
components or functions that may unnecessarily make the
g1st of the present mvention obscure will be omatted.

FIG. 1 1s a schematic configuration diagram showing a
multi-antenna system to which the present invention 1s
applied.

We consider a multi-user wireless communication system,
in which a base station having M transmit antennas 130
simultaneously transmits signal to L (1=L=M) mobile sta-
tions 200a to 200/ by means of multi-user beamforming.

The beamformer 120 of the base station 100 generates
signal by multiplying the beamforming weight w (=[w, . ..
w,]) by signal s (=[s, . . .s,;]") generated by signal generator
110, where w,(=[w, ... w;,]") denotes a normalized beam-
forming vector for the signal of mobile station 1 (1=l<L), and
A’ denotes the transpose of matrix A. Letting h, (h=[h,, . . .
h,,]) be the channel vector between the base station 100 and
mobile station 1, the signal received by mobile station 1
through the recerving antenna can be represented by the fol-

lowing Equation 1:

v, =hWs+n, [Equation 1]
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6

where n, denotes a zero-mean complex Gaussian noise with
variance N,. Letting R, be the channel correlation matrix from
the base station to mobile station 1, the channel vector h, can
be represented by the following Equation 2:

h=h.R"> [Equation 2]

where h, (=[h,, . . . h,,,])) denotes a spatially uncorrelated
channel vector, which 1s an independent and 1dentically dis-
tributed (1.1.d.) zero-mean complex Gaussian channel vector
with unit variance, and the corresponding channel correlation
matrix R, can be represented by the following Equation 3:

- Elhy h?l} Elhy h?M} | |Equation 3]
R, = : :
| E{fu by} Edlum gy )
| e PLIM |
Py e

where A* denotes the Hermitian matrix of matrix A, E{A}

denotes the expectation ot A, and p;,, ,,,, denotes the channel
correlation coetficient of mobile station 1.

A conventional eigen-beamforming techmique can
improve the system capacity by simultaneously transmitting
multiple eigen-beams generated in the direction of the main
eigenvector u, ... of the channel correlation matrix R; of
mobile station 1, as represented by the following Equation 4:

W=ltt e -+ - Ui mec] [Equation 4]

where the main eigenvectoru, .. 1s defined by an eigenvector
corresponding to the maximum eigenvalue A, . of R, (1.e.,
max [A; 1, Ao, . . ., Aja ) of mobile station 1, where the
eigenvalues of R, can be obtained by means of Figenvalue
Decomposition (EVD) by the following Equation 3:

Ry = UNU; [Equation 3]

=|uy ... ury |

This beamforming technique can provide system capacity
represented by the following Equation 6:

L / |h.{H.{ |2 5 ) [Equatiﬂﬂ 6]
log,| 1 + ke
Kues = E ELO% L . | ¢
M /}"! + Z |h.‘,'”n,max
=1 X n=1,n#l /)

where v, denotes the average Signal-to-Noise Ratio (SNR) of
mobile station 1. However, this system capacity 1s available
only with the use of exact CSI. The system capacity with the
use of quantized CSI can be represented by the following
Equation 7:
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L r]g ( . gt .!,max|2 e |Equation 7]
Rugp = E k| =2 L }.
A 2
i—1 M / Y+ Z |h:f”n,max
X L n=1,n#{ /7

where 1, .. denotes the main eigenvector of the quantized
channel correlation matrix R, of mobile station 1.

FI1G. 2 illustrates, as an example, conventional quantization
of the phase of channel correlation coelfficient 1nto a 3-bit
quantized format, where the entire range of the phase 1s
considered for the quantization. The following Table 1 1llus-
trates an example of a 3-bit codebook that quantized the phase
of channel correlation using a 3-bit code word 1n consider-
ation of the entire range of the phase (1.e., [0,27]). The mobile
station reports the index of the corresponding code word to
the base station.

TABL.

L]
[

Index

0.257
0.5
0.757

1.257
1.57
1.757

-] o s o b — D
=

The channel correlation 1s relatively slowly time-varying
in practical environments, and associated with the velocity of
the mobile station and/or the CSI reporting period. However,
most of conventional CSI quantization techniques do not
exploit the nature of time-varying channel characteristics,
leaving possibility for performance improvement.

FIG. 3 illustrates a concept for the quantization of the
channel correlation information, which 1s proposed in the
present invention.

The quantization technique according to the present inven-
tion fully exploits the nature of slowly time-varying channel
characteristics. It quantizes the phase of the channel correla-
tion considering the maximum range in which the phase can
vary during the quantization period. The following Table 2
illustrates an example of a 3-bit size sub-codebook for the
proposed quantization of the phase of the channel correlation
coellicient, where the maximum change of the phase during
the quantization period, A6,,.., 1s assumed to be
AB; ,...=0.25mt. The mobile station quantizes the phase
change of the channel correlation between the current phase
and the phase at the previous quantization time using the
sub-codebook, and reports the index of the corresponding
code word to the base station.

TABLE 2
Index AOQ,

0 -0.1875n
1 -0.125n
2 -0.0625n
3 0

4 0.0625m
5 0.125m
6 0.1875m
7 0.25n
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The present invention will be described 1n detail with ret-
erence to FI1G. 4, which shows an embodiment of a method of
quantizing CSI and a wireless system using the method.

Each of mobile stations 200a to 200/ extracts the pilot
signal from the signal recerved through receiving antennas
210a or 210/, which was transmitted from multiple antennas
130 of base station 100, and estimates the channel correlation
information through the channel correlation information esti-
mator 225 using the pilot signal. Then, 1t quantizes the chan-
nel correlation information through a channel correlation
change quantizer 250, and reports the quantized CSI to the
base station through an uplink channel.

The base station generates multiple eigen-beams using the
maximum eigenvector of the quantized channel correlation
information reported from the mobile stations through the
multi-eigen-beamformer 120, and transmits user signal over
the channel through the signal generator 110. Each mobile
station receives the signal transmitted from the base station
and demodulates 1t using the channel estimation information
estimated by the channel estimator 221.

In the process for the quantization of the channel correla-
tion information, the mobile station performs the first quan-
tization process using a conventional main-codebook that
quantizes the channel correlation mformation 1 consider-
ation of the entire range of the channel correlation informa-
tion, as shown 1n Table 1, and reports the index of a represen-
tative value of the main-codebook to the base station.

Each of mobile stations 200a to 200/ and the base station
100 store the first quantized channel correlation information
in a channel correlation information storage unit 150 and 233,
respectively. After the next quantization time, the mobile
station calculates the change 1n the channel correlation during
the quantization period through a channel correlation change
calculator 231, and generates an index corresponding to the
representative value of the change 1n the channel correlation
through a channel correlation change quantizer 250 that uti-
lizes the sub-codebook.

As an example, the following Table 3 shows a fixed 3-bit
s1ze sub-codebook designed for four maximum changes in
the channel correlation, and the following Table 4 shows an
adaptive bit size sub-codebook designed according to the
maximum change i1n the channel correlation, wherein the
index of the sub-codebook represents the change 1n the chan-
nel correlation.

TABLE 3
Aef,max = ﬂef,mmc = Aef,}ﬂﬂx = ‘&ef,,mm-: =
0.1257 0.257m 0.3757 0.57
Index (B =3) (B = 3) (B = 3) (B = 3)
0 —0.09375n —0.1875x —0.28125x -0.375n
1 —0.0625n —0.1257 —0.1875n —0.257
2 —0.03125xn —0.06257 —0.09375n -0.125x
3 0 0 0 0
4 0.03125xn 0.06257 0.09375xw 0.125x
5 0.06257 0.125m 0.1875m 0.25x
6 0.09375n 0.18757 0.28125m 0.375w
7 0.125x 0.257m 0.375xw 0.5
TABLE 4
&efﬁmax = &efﬁmax &ef;ﬂax ‘&ef,max =
0.125x 0.25m 0.375x 0.57
Index (B =2) (B = 3) (B = 3) (B = 4)
0 -0.0625n —0.1875m —0.28125x -0.4375n
1 0 —0.1257 —0.1875n -0.375n
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TABLE 4-continued

A = A = AO = ABp =
0.125m 0.25m 0.375m 0.5
ndex (B =2) (B =3) (B = 3) (B = 4)
2 0.06257 ~0.0625%  -0.09375m  -0.3125%
3 0.125m 0 0 -0.25m
4 — 0.0625n 0.093751  -0.1875x
3 — 0.125m 0.1875n  -0.125x
6 — 0.1875n 0281251 -0.0625x
7 — 0.25m 0.375m 0
: — — — 0.0625m
9 — — — 0.125m
10 — — — 0.1875n
11 — — — 0.25m
12 — — — 0.3125n
13 — — — 0.375m
14 — — — 0.4375n
15 — — — 0.57

Thereafter, the base station updates the current channel
correlation information through a channel correlation infor-
mation calculator 140 that exploits the change 1n the channel
correlation reported from the mobile station and the channel
correlation information stored at the previous CSI reporting
time, as represented by the following Equation 8:

R(OH=R(t-AD)+AR(?) [Equation 8]

where At denotes the CSI reporting period, and Aﬁ(‘[) denotes
the change in the channel correlation reported from the
mobile station. Thus, the amount of signaling burden for
reporting the channel correlation information can noticeably
be reduced, or the system capacity can be increased with the
use of the same signaling burden for reporting the channel
correlation information.

The quantized channel correlation mformation reported
through an uplink channel may experience channel errors
during the transmission as in conventional CSI reporting

techniques. In order to alleviate the deterioration of decoding,
performance of the proposed quantizer due to such transmis-
s10n errors, the present invention quantizes the channel cor-
relation information using the main codebook either at a
regular period of T or when a transmission error occurs, as
shown 1n FIG. §.

The period T 1s adjusted according to the uplink channel
quality. When the uplink channel quality 1s good, the prob-
ability of transmission error through the uplink 1s low, and
vice versa. It is practical to increase the period T as the uplink
channel quality increases, and vice versa. Through an uplink
signal quality measuring unit 170, the base station measures
the uplink signal quality vy, ;.. of mobile station 1, and noti-
fies 1t to mobile station 1. Through a main-codebook reporting
period decider 260, the mobile station adjusts the period T
according to the uplink channel quality notified from the base
station, so that the period T 1s adaptively adjusted in response
to the change of the uplink channel quality.

Or, when a transmission error occurs, the channel correla-
tion information calculated by the above Equation 8 1s no
longer valid after all. In this case, i1t 1s practical to reinitiate the
proposed quantization process by using the main code-book.
Through a uplink CRC checker 180, the base station 100
checks the error correction bits or Cyclic Redundancy Check
(CRC) bits of the reported CSI, which indicates whether a
transmission error has occurred, and notifies 1t to the mobile
station 1n a form of Acknowledgement (ACK)/Negative ACK
(NACK) message. When the mobile station receives a NACK
message, 1t reports the channel correlation information quan-
tized using the main-codebook at the next reporting time.
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The mobile station 200 can estimate the maximum change
in the channel correlation information during the reporting
period. It first estimates 1ts velocity through a mobile station
velocity estimator 223 and accordingly adjusts the quantiza-
tion bit si1ze associated with the reporting period. It can cal-
culate the maximum change of the channel correlation infor-
mation, as represented by the following Equation 9:

o [Equation 9]
Pimax (D) = Jo(2rd [A) + 22 Jr (2md [ A)cos(2i(lAoDy ( —
i=1

AD) + A gop, ))Sinc(2iAS) + ;{22 Jois 1 (27 | )sin(2i +
1=0

)(AoDy (t — AD + Agop, )]sinc((Qi +1 )AS)]

where A denotes the wavelength of the signal, d denotes the
distance between the two adjacent antennas of the base sta-
tion, D denotes the distance between the mobile station and
the base station, AS denotes the angle spread, J (x) denotes
the z-th order Bessel function of the first kind, and AoD), and
A op, (5V,AVD) denote the departure angle and the variation
in the departure angle of mobile station 1, respectively. It can
calculate the maximum change in the channel correlation
coellicient, as represented by the following Equation 10:

&pf,max:pfﬁmax(r)_pf(r_&r) [Equﬂtiﬂﬂ 0]

where At denotes the CSI reporting period and p,(t-At) can be
calculated from the channel correlation information R(t—At)
of mobile station 1 at time t—At. The corresponding maximum
change 1n the magnitude and the phase of the channel corre-
lation coetlicient can also be obtained by the following Equa-
tion 11:

&afﬂﬂ:afﬂﬂx(r)_af(r_&r)

AB; =0 e (D)—0,(1-Al) [Equation 11]

Each mobile station can generate a sub-codebook 1n con-
sideration of the maximum change 1n the channel correlation
coellicient obtained by Equation 10, 1ts velocity and the CSI
reporting period. The following Table 5 shows an example
when the maximum change in the phase of the channel cor-
relation coetlicient 1s assumed to be A6, , =0.257.

TABLE 5
Index AO; ax
0 0.125m
1 0.25m
2 0.375n
3 0.5m

In order to deploy this sub-codebook 1n practice, the sub-
codebook information should be shared with the base station.
The base station and the mobile station need to share the same
quantization tables (1.e., sub-codebooks) pre-designed 1n
consideration of the maximum change 1n the channel corre-
lation, as 1llustrated 1n Table 5. To support the case when the
maximum change in the channel correlation information var-
1es, the base station and the mobile station should change their
sub-codebook according to the maximum change 1n the chan-
nel correlation, as shown 1n the example of the above Table 3
or 4, where Table 3 shows an example of a fixed bit-type
sub-codebook and Table 4 shows an example of an adaptive
bit-type sub-codebook in which the quantization precision of
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the sub-codebook 1s maintained at a uniform level and the bit
s1ze of the sub-codebook 1s adjusted depending on the maxi-
mum change 1n the channel correlation information. The base
station can notify 1ts mobile stations the information on the
type and mode of sub-codebook usage through a broadcasting,
message during the network entry process.

FI1G. 6 illustrates the overall operating procedure between
the base station and the mobile station performed to differen-
tially quantize the channel correlation information according,
to the present invention.

First, the mobile station 200 recerves a pilot signal (S110),
and the channel correlation information estimator 225 esti-
mates the channel correlation information and stores 1t in the
channel correlation information storage umit 233, and the
index of a representative value of the main-codebook, repre-
senting the channel correlation information, 1s reported to the
base station through an uplink channel (S120).

The base station 100 stores the index 1n the channel corre-
lation information storage unit 150, generates multiple e1gen-
beams using the index, and then transmits data signal to the
mobile stations (5130).

From that time, the mobile station 200 measures the range
in which the channel correlation information varies, and
reports the index of a representative value of a sub-codebook
representing the variation range to the base station 100
through the uplink channel (5210).

The base station 100 calculates the channel correlation
information using the index, generates multiple eigen-beams,
and then transmits data signal to the mobile stations 200
(S230). In this case, the base station 100 can check the error
correction bits and/or the CRC bit of the received signal,
examine whether an uplink transmission error has occurred
(S220), and notity the mobile station 200 whether a uplink
transmission error has occurred in a form of ACK/NACK
message (S221). If the mobile station 200 recerves a NACK
message from the base station 100, which indicates the occur-
rence of transmission error 1n the uplink channel, so that the
mobile station mitializes the channel correlation information
storage unit (5225), performs the main-codebook feedback
procedure (5100), and repeats the sub-codebook feedback
procedure (S200) after that.

FIG. 7 shows a comparison 1n performance between the
cases where the proposed channel correlation imnformation
quantization techniques and the conventional technique con-
sidered 1n IEEE 802.16m standards are individually applied
to the multi-eigen-beamiorming technique.

It 1s assumed that the number of transmitting antennas of
the base station 1s M=2 and the number of mobile stations 1s
L.=2. Further, for the purpose of simplitying performance
evaluation, it 1s assumed that all the mobile stations have the
same average SNR, and the channel correlation information
1s given by the following Equation 12:

|Equation 12]

where p,~a.¢ ™ denotes the channel correlation coefficient
ofmobile station 1, and ¢, and 0, denote the magnitude and the
phase of the channel correlation coellicient of mobile station
1, respectively.

As shown 1n FIG. 7, when the channel correlation infor-
mation 1s quantized 1nto an infinite number of bits, which 1s
impossible 1n practice, the i1deal performance 1s provided
regardless of the maximum variation 1n channel correlation
information. It can be seen that the proposed quantization
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technique that uses a 3-bit fixed sub-codebook noticeably
improve the performance, compared to the conventional
channel correlation information quantization technique con-
sidered 1n the IEEE 802.16m standardization. It can also be
seen that as the maximum variation 1n the channel correlation
information decreases, the proposed quantization technique
provides performance closer to the 1deal performance. The
proposed quantization technique that adaptively employs a
2-, 3-, or 4-bit sub-codebook depending on the maximum

variation provides performance closer to the ideal perfor-
mance.

FIG. 8 illustrates the maximum variation in the phase of the
channel correlation coellicient according to the velocity of a
mobile station and the CSI reporting period. It can be seen
that as the velocity of the mobile station 1s higher, and as the
CSI reporting period 1s longer, the maximum variation 1n the
phase of the channel correlation coefficient 1s greatly
changed. Therefore, depending on the velocity of the mobile
station and the length of the feedback period, the sub-code-
book that can be adjusted depending on the maximum varia-
tion in the phase of the channel correlation coelficient 1s
adaptively adjusted, so that the performance of the proposed
technique for differentially quantizing channel correlation
information can be further improved. For example, when the
velocity of the mobile station 1s 100 km/h, and the feedback
period 1s 1000 ms, the maximum variation 1n the phase of the
channel correlation coefficient 1s about 40°=0.22x, so that it 1s
preferable to use a sub-codebook having AO, . =0.25m.
When the velocity of the mobile station 1s 100 km/h, and the
teedback period 1s 500 ms, the maximum variation in the
phase of the channel correlation coellicient 1s about
20°=0.1m, so that 1t 1s preferable to use a sub-codebook hav-
ing AQ, . =0.125m.

As described above, 1n accordance with a method of dif-
ferentially quantizing CSI and a wireless system using the
method according to the present invention, there can be pro-
vided a channel correlation information quantization method,
which can reduce the amount of information to be reported to
the base station through an uplink by reducing the number of
quantization bits without reducing the system capacity, or can
improve system performance by using the same number of
quantization bits, 1n a wireless communication system that
employs multi-antenna technology.

In particular, the channel correlation information 1s differ-
entially quantized and 1s reported in consideration of only
partial range 1n which channel correlation information can
vary relatively slowly, thus reducing the burden of the amount
of signal information to be reported to the base station
through an uplink.

Although the above description 1s merely intended to 1llus-
tratively explain the technical spirit of the present invention,
those skilled in the art can implement various changes and
modifications, without departing from the essential features
ofthe invention. Theretore, the embodiments described in the
present invention are not intended to limit the technical spirt
of the present ivention and are mntended to describe the
present invention, and the technical spirit of the invention 1s
not limited to the embodiments. The scope of the present
invention should be defined by the accompanying claims, and
all technical features falling within the range of the claims and
equivalents thereot should be interpreted as being included 1n
the scope of the present invention.

The invention claimed 1s:
1. A method of signal transmission based on differentially
quantized channel information in a multi-antenna wireless
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communication system which can transmit signal to multiple
mobile stations simultaneously through multiple transmit
antennas, comprising:

a main codebook reporting step of each mobile station for
quantizing channel correlation information (CCI) using
a main-codebook and reporting an index of the main
codebook, which corresponds to the quantized CCI, to a
base station;

a sub-codebook reporting step of each mobile station
reducing an amount of information used to report Chan-
nel State Information (CSI) to the base station through
an uplink by 1) quantizing the change of the CCI between
the quantization interval using a sub-codebook and 11)
reporting an index of the sub-codebook, which corre-
sponds to the quantized CCI change, to the base station;
and

a multi-user eigen-beam transmission step of the base sta-
tion for generating multiple e1gen-beams using the index
of the main-codebook or sub-codebook reported from
mobile stations, and transmitting them, using the mul-
tiple transmit antennas of the base station, to multiple
users simultaneously,

wherein the sub-codebook reporting step 1s configured
such that the sub-codebook 1s generated 1n consideration
of the maximum change 1n the CCI, being calculated by
the following Equation 10:

Apf,mmc:pf,max(r)_pf(r_&r) [Equatiﬂn 10]

where At denotes the CSI reporting (or quantization) inter-
val, At . denotes a range in which the CCI of mobile
station 1 can maximally vary during the CSI reporting (or
quantization) period At, p,(t—At) denotes the channel
correlation coeltficient of mobile station 1 at the previous
quantization time t-At, and p, .. (t) 1s calculated by the
following Equation 9:

o [Equation 9]
Ptmaxl) = Jo(2rd [A) + 22 Jo2;(2nd [ A)cos(2i{AoDy (1 —

i=1

A1) + Agop, )SIinc(2iAS) + j[QZ Joi1 (2rd | A)sin((2i +
1=0

1)(AoDy (t — Af) + A 4op, )sine((2i + 1)AS)

where A denotes the wavelength of the signal, d denotes the
distance between the two adjacent antennas of the base sta-
tion, D denotes the distance between the mobile station and
the base station, AS denotes the angle spread, J (x) denotes
the z-th order Bessel function of the first kind, and AoD), and
A 4op, (5VA/D) denote the departure angle and the variation
in the departure angle of mobile station 1, respectively.

2. The method of claim 1, further comprising the step of
sharing the same pre-defined main- and sub-codebook by the
base station and mobile stations, where the main-codebook 1s
for the representation of the entire range of CCI and the
sub-codebook 1s for the representation of the change of CCI;

wherein the sub-codebook reporting step 1s configured to

compare the CCI quantized at the previous quantization
time with currently obtained CCI, thus calculating the
change 1n the CCI between the two quantization istants.

3. The method of claim 1, wherein the sub-codebook 1s
generated 1n a fixed bit-size format in which the bit size 1s
determined according to the maximum change 1n the CCI to
provide required quantization precision at a uniform level, or
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in an adaptive bit format 1in which the bit size of the sub-
codebook 1s adjusted according to the variation of the maxi-
mum change 1 the CCI to provide required quantization
precision at a uniform level.

4. The method of claim 1, wherein, after the main codebook
reporting step, the sub-codebook reporting step 1s repeatedly

performed.

5. The method of claim 4, wherein the main codebook
reporting step 1s performed either at a regular period deter-
mined according to the channel condition or at the presence of
erroneous transmission of CSI.

6. A multi-antenna wireless system using a method of
differentially quantizing Channel State Information (CSI),
comprising mobile stations each of which comprising:

a channel correlation information estimator for estimating

channel correlation information;

a channel correlation information quantizer for quantizing
the entire range of the channel correlation information
using a main-codebook and generating an 1ndex of the
corresponding representative value i the main-code-
book:

a channel correlation mformation change calculator for
calculating change 1n the channel correlation informa-
tion; and

a channel correlation imformation change quantizer for
quantizing the change of the channel correlation infor-
mation between the two consecutive quantization (or
CSI reporting) intervals using a sub-codebook and gen-
crating an index of the corresponding representative
value 1n the sub-codebook,

wherein the mobile station reports either the index of the
main- or sub-codebook to the base station with the use of
an error correction code, including a Cyclic Redundancy
Check (CRC) code,

wherein the mobile station reduces an amount of informa-
tion used to report the CSI by reporting the index of the
sub-codebook to the base station.

7. The multi-antenna wireless system of claim 6, further

comprising a base station comprising:

a channel correlation information calculator for calculating
the channel correlation information based on the mndex
of the sub-codebook reported from the mobile station;
and

a multi-user eigen-beamiormer for generating multiple
cigen-beams based on the calculated channel correlation
information.

8. The multi-antenna wireless system of claim 6, wherein
the mobile stations and the base station respectively comprise
channel correlation information storage units for storing
quantized channel correlation information.

9. The multi-antenna wireless system of claim 8, wherein:

the base station further comprises:

an uplink signal quality measuring unit for measuring the
uplink channel quality using signal received through the
uplink; and

a uplink transmission error detection unit for detecting the
presence ol transmission errors by checking error cor-
rection bits of the reported CSI, and

the mobile station further comprises:

a main codebook reporting period decider for deciding the
CSIreporting period using the main-codebook based on
the reported uplink quality measured by the uplink sig-
nal quality measuring unit of the base station or based on
the occurrence of transmission errors detected by the
uplink transmission error detection unit of the base sta-
tion.
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10. The method of claim 2, wherein, after the main code-
book reporting step, the sub-codebook reporting step 1s
repeatedly performed.

11. The method of claim 1, wherein, after the main code-
book reporting step, the sub-codebook reporting step 1s 53
repeatedly performed.

12. The method of claim 3, wherein, atter the main code-
book reporting step, the sub-codebook reporting step 1s
repeatedly performed.

13. The multi-antenna wireless system of claim 7, wherein 10
the mobile stations and the base station respectively comprise
channel correlation information storage units for storing
quantized channel correlation information.
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